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Abstract 
Recognising the crucial role of higher education for the development of nations and individuals, many 
countries have recently established ambitious targets for the percentage of graduates in their 
population by 2020. In peripheral European Union countries, however, such objectives may be difficult 
to attain. In fact, both the current stringent fiscal consolidation processes and the overall depressed 
economic environment may exert negative effects upon domestic demand for higher education. Such 
uncertain context increases the need for efficient policies and henceforth the value of obtaining 
reliable information on the variables that are more likely to influence demand. In this study, we employ 
the partial least squares methodology, which allows modelling with many variables, even with 
relatively few observations, to identify the most relevant determinants of demand for higher education. 
We focus in the case of Portugal, a country where applications for higher education are centralised 
and thus provides a long and reliable set of data on aggregate demand. The results of our empirical 
analysis suggest that the most relevant determinants of demand are institutional and/or policy 
dependent and, therefore, may be controlled by decision makers and managed to support national 
strategic objectives. These results, obtained for Portugal, are also useful particularly for other southern 
European Union countries, which share some of the Portuguese economic, social, demographic and 
cultural characteristics. 
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1 INTRODUCTION 
Research suggests that high levels of participation in higher education promote economic and social 
development. At the individual level, more education is also commonly viewed as a source of personal 
improvement and a means to attaining a better remunerated and more fulfilling professional life. 
Recognition of the relevance of tertiary education for competitiveness, in the knowledge based global 
economy, led many countries to establish ambitious goals for 2020. For example, the United States 
(US) aim at becoming the country with the highest proportion of 25-34 year old university graduates, 
the European Union (EU) has the objective of increasing the percentage of 30-34 year-olds with 
complete tertiary education by at least 40% in each member country, and China’s objective is for 20% 
of its population to have a higher education degree [1].  
The peripheral EU countries may find the 2020 goal very difficult, if not impossible, to attain. 
Notwithstanding the strategic importance of increasing domestic ‘talent pools’, the current context of 
economic crisis, budgetary contingency and high unemployment may exert conflicting effects upon 
domestic demands for higher education. The decision to continue studying after secondary school 
generally postpones entry in the job market for a few years. Therefore, the objective of increasing the 
number of graduates requires that personal and societal preferences favor tertiary education and that 
enough resources are available to support such inclination. With constant pressures to reduce 
government budget deficits and debts and unprecedented cuts on families’ incomes, financing higher 
education is a challenging task. High rates of youth and graduate unemployment and the recent 
attempts of regaining competitiveness by cutting salaries are also sending mixed signals to young 
people of university age. On the one hand, prolonging education may be a good option when it is 
difficult to find a job. On the other hand, the perspective of spending three or four years in a higher 
education institution may seem less appealing with a shrinking wage premium. 
The current uncertain circumstances increase the utility of studies that investigate demand for higher 
education, its main determinants and the nature of their impact on the personal decision making 
process. Such knowledge may help institutions manage scarce resources and may also improve the 
efficiency of policy measures designed to sustain, or increase, demand for higher education in 
countries more seriously disturbed by the current economic conditions.  
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Previous analyses of demand for higher education were mostly focused on individual institutions and 
assessed groups of students already enrolled in higher education. However, demand for higher 
education is not well represented by data on institutions’ enrolments. Demand encompasses all 
individuals wanting to enter an institution, and not solely those that have managed to do so. The 
reason for the institutional focus of previous studies is probably the lack of nationwide data, as in most 
countries prospective students apply directly to the institutions of their choice.  
In Portugal, for many years now, prospective students have been allocated to higher education by 
means of a national scale contest.  This makes the country especially adequate for studies 
investigating demand for higher education due to the availability of a large and reliable set of data on 
applications. The latter provide information on all individuals aiming to enter higher education, allowing 
a more accurate picture of demand than that obtained with data on enrollments. Furthermore, the use 
of applications is vital in cases where the supply of university places is smaller than the demand for 
them, as in such cases enrollments depict supply rather than demand. 
In this study, we investigate demand for higher education in Portugal, from 1977 to 2010. We use data 
from the national centralized system of applications and adopt the concept of aggregate demand as 
the summing up of all individual applications registered in the system.  Modeling aggregate demand is 
a complex task because it is subject to many macro and micro influences but, unlike other similar 
assessments, we do not make an a priori choice of the variables apt to be more relevant. Instead, we 
adopt the partial least squares (PLS) methodology, which is robust in modeling complex scenarios, 
where many variables are involved, even when there are relatively few observations available. The 
PLS technique allows an exploratory analysis that identifies the more relevant determinants of 
demand and then evaluates each variable contribution to explain the behavior of demand. 
Our study contributes to the literature on higher education in various ways. Firstly, it allows an 
effective study of demand, and not only of some of its segments as is the case with studies assessing 
groups of enrolled students in specific higher education institutions; secondly, it employs a robust 
methodology, the PLS technique, not previously used in this context, to explore a vast set of 
economic, social and demographic variables, without making previous assumptions on their 
importance for the subject under examination; thirdly, though the study focus on Portugal, our results 
may be useful for decision makers in other European countries, especially those in the EU periphery, 
who share with Portugal many economic, social and cultural characteristics and currently undergo the 
same process of budgetary consolidation and economic contraction; finally, this study provides 
updated information on open questions in this area of research, such as the effect of recession and 
unemployment in demand for higher education. 
The remaining of the analysis is organized as follows: section 2 surveys the relevant literature on 
demand for higher education; section 3 introduces the adopted methodology and discusses its 
relevance for the empirical analysis developed in section 4; section 5 concludes and debates the 
institutional and policy implications of identified determinants of demand for higher education. 
2 LITERATURE REVIEW 
Demand for higher education has been extensively studied since the publication of Campbell and 
Siegel’s study of enrolments in the US [2]. From this seminal work, a prolific and diverse literature 
developed. We briefly survey the most relevant studies, sorting them out in terms of scope, motivation, 
focus and methodological approaches.  
Some studies of demand estimated national or regional demand functions, to address funding issues 
or the optimal number and geographical dispersion of institutions. Most were focused on the US (for 
instance, [3]; [4]; or [5]), but other countries have also been examined. Examples are Australia ([6]), 
Greece ([7]), Belgium ([8]), or Canada ([9]). Other studies assessed demand for a particular institution, 
investigating what motivates or inhibits students to favor one university, and are useful tools for 
institutional strategic planning (e.g., on the US, [10]; [11]; and [12]). A few analyses have also 
identified demand for a specific scientific area (e.g. [13]), either to adjust supply or to induce demand 
towards key strategic areas. 
A number of studies, mainly motivated by particular social concerns, examined equity of access and 
participation in higher education. Focusing on the US, McPherson and Schapiro [5] and Buss et al. 
[12] analyzed some aspects of potential economic discrimination, such as household income, student 
aid, tuition and other costs. Social discrimination, either in class, gender or ethnicity was studied by 
Wetzel et al. [14], Sissoko and Shiau [15], and Christofides et al. [9]. Sá, Florax and Rietveld 
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evaluated geographical discrimination in the Netherlands, namely due to travel and accommodation 
costs [16]. 
A separate distinction may also be drawn between student choice and student demand models. While 
the latter approach employs aggregate data (examples include [10]; or [8], the former, more frequent, 
focuses on the individual, using large longitudinal survey data and logistic regression techniques (see 
[5]; [11]; and [9], among others). The latter approach, adopted in our study, is more adequate to 
examine effects which can only be picked up over long periods. 
Finally, most papers tested hypotheses of demand behavior but very few attempted to go a step 
further and presented enrolment projections. Some decades ago, Hoenack and Weiler [10] and 
Ahlburg et al. [17] produced such projections for the US, based on econometric models. More 
recently, also for the US, Murdoch and Hoque [18] used a simple extrapolation of trends, exclusively 
focusing on demographic factors, to project enrolments.  
The approach in this paper differs in several aspects. We estimate an aggregate model of demand for 
higher education with the number of applicants divided by the number of 18 year olds as the 
dependent variable. Though enrolments are typically used in this type of empirical studies, 
applications avoid some common conceptual and methodological problems. Data on applicants 
comprise information on all individuals wishing to attend higher education, rather than solely on those 
having their wishes fulfilled, that is, those who actually enrolled in an institution. This is especially 
relevant in higher education systems that restrict the number of available places, for in such cases 
enrolments provide a more clear depiction of supply than of demand. Furthermore, unlike total 
enrolments, applications are not directly dependent on the duration of study programmes. The 
reduction of programmes’ length, for instance following the adoption of the Bologna guidelines, may 
lead to a decrease of total enrolments, even if demand increases or remains unchanged.  
The use of applications to proxy demand as the dependent variable in the model is thus an important 
contribution of this paper to the literature on demand for higher education. A second contribution is the 
wide range of explanatory variables included in the model, comprising demographic, economic, social 
and institutional factors. Finally, the model allows the analysis of the initial impact of the Bologna 
process upon aggregate demand. 
3 METHODOLOGY 
The theoretical and empirical literature suggests that a large number of demographic, social, 
economic and institutional variables may exert an influence upon demand for higher education. 
However, due to degrees of freedom limitations, empirical analyses do not consider a large set of 
possible demand determinants. Some a priori selection has to be done beforehand, but an ad hoc 
choice of a small set of variables is probably not the most adequate research option. To avoid such 
problem, we adopt a methodology that is robust for estimation with a large number of explanatory 
variables, even when the number of observations is reduced, and is informative on the relative 
relevance of each independent variable to explain the variation of the variable of interest. 
We use the partial least squares regression (PLSR) technique, which generalizes and combines 
features from principal component analysis and multiple regression and may be used to carry out 
simultaneous adjustment in situations of high multicollinearity. The PLSR approach was developed by 
Herman Wold [19] for the modeling of complex data sets in terms of chains of matrices, the so called 
path models (e.g. Tenenhaus et al. [20]). PLS has been used in various disciplines such as chemistry, 
economics, medicine, psychology, and pharmaceutical science, where predictive linear modeling, 
especially with a large number of predictors, is necessary (Wold et al. [21]).  
Our assessment of demand for higher education in Portugal is developed using a data set comprising 
demographic, economic, social and institutional variables. The statistical multivariate data analyses 
are performed using version 10.0 of SIMCA-P (Umetrics, Umeå, Sweden). The efficiency and 
reliability of the PLS model was evaluated with respect to the percentage of explained variance (R2Y) 
and capacity of prediction (Q2). The PLS model is, in addition, evaluated with respect to goodness of 
fit (R2). 
Tenenhaus et al., [22] stated that PLSR is a technique used to summarize two data sets, X and Y, by 
latent variables, taking into account that the block Y is a set of responses and the block X is a set of 
predictors. PLS components denoted by  are related to X and constrained to be orthogonal, 
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and PLS components denoted by  are related to Y and are not constrained to be orthogonal. 
Let  and  be the centralized blocks of X and Y. Hoskuldsson [23] showed that the h-th PLS 
components  and  are obtained by maximizing the Tucker criterion [24]: 
, 
subject to the constraints . 
The PLS algorithm may be interpreted as the problem of computing weight vectors w and c which 
maximize the correlation between the score vectors t and u. Hence, we have the problem of 
maximizing the function  with respect to w and c subject to the orthogonal constrains on 
w and c (e.g.[22]). This algorithm and some of its extensions are described in detail by Tenenhaus 
[26]. 
4 EMPIRICAL ANALYSIS 
As previously discussed, our empirical analysis considers a large number of explanatory variables to 
explain the evolution of aggregate demand for higher education in Portugal. We measure demand as 
the yearly ratio of higher education applicants to the number of individuals that have reached 
university age (18 years). The evolution of this ratio in the period of analysis is depicted in Fig.1, 
below. 
 
Figure 1 – Demand for higher education in Portugal (% of 18-year olds) 
The potential determinants can be broadly categorized into four main groups: demographic, social, 
economic and institutional variables. The set considered here includes the total and graduate 
unemployment rates, the percentage of females in higher education, the percentage of population with 
a higher education degree, the percentage of adult population with primary, lower secondary and 
upper secondary education, the real GDP growth rate, the real per capita GDP growth rate, the annual 
variation of the real personal disposable income, government expenses in education a percentage of 
GDP, the ratio of tertiary education fees to the minimum wage, the opportunity cost of tertiary 
education, the wage premium of a tertiary education degree, the number of years in compulsory 
education. Dummy variables were introduced to take into account the existence in some years of 
minimum marks to access higher education, the existence of tuition fees, institutional reforms in 
secondary education and the end of compulsory military service. 
The results obtained for the PLS analysis are summarized in Table 1. The PLS analysis of the data 
extracted only three significant component according to the cross validation rule 1 (R1), that sets for 
PLS models a significant limit of 0.05. The first component (A1) with a Q2 >0.05 is the significant 







1977  1982  1987  1992  1997  2002  2007  2012 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 Table1: Summary of the partial least squares model for the data set. 
 
The score plot shows (Fig. 2) the possible presence of outliers, similarities and other patterns in the 
data. With this two-dimensional score plot, draws the tolerance ellipse based on Hotelling's . 
Loading plot shows which parameters are correlated and responsible for the distribution in the score 
plot. The position in the loading plot corresponds to the score plot - plots far away from the center 
have a larger impact than those closer to the center. 
The plot of the X scores, t1 vs. t2 presented in Fig. 2, shows the observations grouped according to a 
gradient in demand which is not homogeneous across the period of time under analysis. There is a 
clear distinct pattern separating the 80s and the 2000s form the 90s.  
 
Figure 2: Partial least squares scores t1 and t2. 
The “variable influence on projection” (VIP) values summarize the overall contribution of each 
individual X variables for the explanation of the variation of the Y variable. It is assumed that VIP 
values higher than one, indicate the most relevant variables for explaining the model. Fig. 3 shows the 
demand determinants by descending VIP values.  
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Figure 3: Variables influence on projection (VIP), by descending order of significance 
The least relevant variables for the entire period are those associated with the economic activity: 
personal disposable income (pincome), the unemployment rate (unemp), GDP growth rate (gdp) and 
GDP per capita. All these variables display a VIP value below unity. 
The most relevant variables, according to the estimated model, with a VIP above unity are the number 
of years of compulsory school attendance (escobr) and some variables denoting the public investment 
in higher education: number of higher education institutions, either public (iespub) or total (iestot) and 
the public spending with higher education (expedu) in percent of GDP. Other important variables are 
the real schooling rates at the second (tre2cm7) and third (tre3cm5) cycles of primary education and 
at secondary education (treesm2). 
The intention of applying to a place in higher education is also highly influenced by the share of 
population with a higher education degree (prcpopes) and, particularly at the beginning of the sample 
period, by the increase in the female participation rate in higher education (sixteen percentage points 
in nineteen years). 
5 CONCLUSIONS 
In this study we analyzed demand for higher education in Portugal, attempting to identify the main 
determinants that have driven its behavior in the last three decades. This assessment has academic 
and policy interest because it adds to the empirical literature on demand for higher education and 
provides information that may be useful for policy makers aiming at increasing demand in a context of 
fiscal stringency and general economic crisis.  
The PLS methodology employed in this paper has the advantage of allowing testing a large number of 
potential independent variables, even with a relatively short sample of 33 years. More traditional 
econometric techniques would fail due to a small number of degrees of freedom. The drawback, 
however, is that we do not get, as usual, a neat estimated equation with precise coefficients. With this 
methodology, the focus is on identifying which variables are more important to explain the 
phenomenon under analysis. This allows the selection of a more restrict number of explanatory 
variables to be employed with more conventional econometric methodologies. 
According to the empirical results obtained, most of the more relevant variables explaining the 
percentage of eighteen year olds applying for a place in higher education are directly dependent on 
government action: the number of compulsory schooling years, the number of higher education 
institutions in the country, both public and total, and public spending in higher education, in percent of 
GDP. The importance of compulsory schooling is reinforced by the other variables identified by the 
model as most relevant, the real schooling rates in primary and secondary education. Maintaining the 
students in the education system is obviously crucial to attract them to higher education. 
The results also suggest that the economic variables are the least relevant to explain demand for 
higher education. Personal disposable income, GDP, either per capita or in growth rates, and the 
unemployment rate are ranked last in order of importance, with a 'variable influence on projection' 
(VIP) well below unity, the suggested threshold for statistically significant variables. It would be 
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interesting to assess whether the influence of these economic variables increases in the more recent 
years, as the economic crisis reduces families' incomes and employment prospects. 
The results obtained in this paper can be further explored by employing more traditional econometric 
techniques with a limited number of the most relevant variables, as identified by PLS. This would allow 
another useful extension of this research, predicting the future evolution of demand, a critical piece of 
information for both individual institutions and national public policies. 
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